Cummins Surveillance Panel
Teleconference
Meeting Minutes
April 2, 2015

The teleconference convened at 10:30 a.m. EDT

Attendance:

Afton - Bob Campbell, Christian Porter
ChevronOronite - Mark Cooper, Jim Rutherford
Cummins - Dan Nyman

Infineum - Elisa Santos, Pat Fetterman

Intertek - Jim Moritz, Mey Dewey

Lubrizol - Kevin O'Malley, Nick Secue, Michael Conrad
SwWRI - Jim McCord, Perry Grosch, Jim Carroll, Martin Thompson
TEI - Zack Bishop

TMC - Jeff Clark, Sean Moyer

Volvo - Greg Shank

New ISB Hardware:

This teleconference is part of the ongoing review of the introduction of new ISB hardware (batch K
cams, batch D tappets). On the prior call, Kevin O'Malley was requested to use a modeling approach that
would consider hardware batches (tappets and cams), reference oil blends, and fuel batches as part of
the analysis. Kevin reviewed his work (attached) for the panel. His general comments are shown on slide
number 3, his summaries and correction factor options are shown on slides 28 - 32. The panel was
grateful for Kevin's efforts. Elisa Santos also showed some work which helped explain/reduce the
collinearity that Kevin noted in his presentation.

After discussion, it was moved (McCord, Fetterman) to use a multiplicative correction factor of 1.0 for
ATWL for tests run on batch K cams and batch D tappets. This motion passed without objection (TEI,
TMC waive). The TMC will issue an information letter and an Itms update accordingly.

For ACSW, it was moved (McCord, Fetterman) to use an additive correction factor of -11.3 for tests run
on batch K cams and batch D tappets. This is shown as Option 1 (slide 30) on Kevin's presentation. This
motion passed without objection (TEl, TMC waive). The TMC will issue an information letter and an Itms
update accordingly.

There was further discussion regarding the Itms standard deviation for ACSW. Action was tabled until
more data is available and reviewed by the panel.

The panel will continue to monitor the use of this hardware and the correction factors in case they need
to be revised in the future.

Next Meeting:
The next meeting will be held at the call of the chair, once more data is available. The call ended at
12:30 pm.
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Data Used in Analysis _|

SUCCESS
TOGETHER

Analysis includes chart="Y" data prior to 1/29/2015

+
Additional tests (since 1/29/2015):

TESTKEY |LTMSLAB |IND  |LTMSAPP |ENGINE |ENHOURS |VAL |LTMSDATE |CHART | ENKIT COM1 COM2 COM3 COM4 TAPBID |CRHBID | CAMBID
0839615B B 831-2 3 46560892 4900 LC | 20150129 N |ISB-749 | SEVERE ACSW FAILED | INJ295HR | C D J
0839715B B 831-2 3 46562860 5253 XC | 20150206 N |ISB-765 | ABORTED | EGRVLV |FAILURE| HIGHS0O | C D J
10623715B| B 831-2 3 46560892 5250 AC | 20150226 Y |ISB-750 C D J
1046051SB| A 831-2 3 46560643 7486 PC | 20150227 N |ISB-824 | NEW CAM | NEWTAP D D K
10587615B| G 831-2 4 46561166 13355 XH | 20150303 N |ISB-823 ENGINE HWFAIL | OIL LOSS D K J
10587515B| G 831-2 3 46560027 3457 PC | 20150305 N |ISB-822 | NEW CAM | NEWTAP D D K
1046061SB| A 831-2 4 49342610[ 3150 PC | 20150307 Y |ISB-825 | NEW CAM | NEWTAP D D K
10697815B| G 831-2 1 46560896 7910 AG | 20150308 N |ISB-826 | NEW CAM | NEWTAP HARDWARE| D D K
10685415B| B 831-2 3 46562869 5280 PC | 20150313 N |ISB-821 | NEW CAM | HARDWARE D D K
10697915B| G 831-2 ] 07339278] 6950 PC | 20150315 N |ISB-827 | NEW CAM | NEWTAP D D K

Included in graphs/analyses

Lubrizol
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General Comments .

SUCCESS
TOGETHER

General comments before we get into the analysis:

1. Itis NOT possible to simultaneously estimate any combination of Fuel Batch,
Engine, Tappet Batch or Camshaft Batch effects

1. The inability for models to separate these effects is a result of how the levels of
these variables have been introduced in these data

2. Differences in fuel batches and engines may also influence oil and lab/stand
differences

3. Thus, we must keep in mind that models and their resulting estimates (including
correction factor calculations) may be influenced by these effects

4. More details regarding the relationship between these factors can be found in
Appendix A

5. Prior presentation details have been moved to appendices:
1. Appendix B: LTMS & Hardware Details
2. Appendix C: Average Camshaft Wear graphs

3. Appendix D: Average Tappet Weight Loss graphs .
Lubrizol
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Average Tappet Weight Loss (ATWLorig):

SUCCESS
TOGETHER
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ATWLorig |

Model with Tappet Batch BESER

200 . RSquare 0.776694
180 - . o RSquare Adj 0689852
e
160 . .Y Root Mean Square Error 16.72374
E % LT T Mean of Response 1038816
g 1407 e g - Observations (or Sum Wgts) 76
= _ LI -
g 120 A :.. S
wo- - """ YL W Y T T T T Source Mparm DF Squares FRatio |[Prob> F . .
< ol .7 @ * LTMSLAB 3 3 42506519 50768 | 0.0036° Evidence that labs, oils,
S LTMSAPP[LTMSLAB] 10 10 5536545 1979 | 00540 [3( tappet batches differ
60 - L7 IND 5 5 8731438 62438 | 0.0001° .
T — Tappet Batch 3 3 48912733 58205 | 000167 (p053|bly stands tOO)
40 60 80 100 120 140 160 180 200 .
Prob> [t VIF
ATWLorig Predicted P<.0001 RSq=0.78 IT""'" g?z'ﬁ"{;?;; TI_"_"_II_l!
RMSE=16.724 ntercept : 000
10 LTMSLAB[ A] -4,062095 04444 |55179165
. . LTMSLAB] B] 14199911  0.0024* |3.9691055
30 . o LTMSLAE] F] 49808160 06348 |8.4110213]
z 20 St e LTMSLAB[ A:LTMSAPP[1] -6.765328 0.5435 13075203
Z 10 ‘ .o ¢ LTMSLAB[ A:LTMSAPP[2] 9.2859192 01469 1.5204761
= et _'g_ e N LTMSLAB[ ALLTMSAPP[3] 35951817 06191 1.2329944
S . ot e LTMSLAB[ ALLTMSAPP[4] -1.451692 08253 1636367 : :
w0 T, e N LTMSLABL BLLTMAPP] 1o%1se 07d05 1io7mees SOME correlation exists
< - < . LTMSLAB[ BELTMSAPP[2] 69655162 03834 17853765 among model effects.
-30- S LTMSLAB[ GELTMSAPP[1] 2088216 0.0035° 2.0188069 : .
40 LTMSLAB[ G:LTMSAPP[2] 26524775 0.0052* 17179712 ThIS can be Improved
A0 60 80 100 120 140 160 180 200 LTMSLAB[ GELTMSAPP[3] -10.08826 0.2245 13956078 With the removal of
ATWLorig Predicted LTMSLAB[ G:LTMSAPP[4] -30.00754 0.0430% 14991477
“ . . IND[ 830-2] -6.392438 03891 17212339 3 Lab F tests
= . " Y- IND[ 831-1] 20460352  0.0054" 3A588398
3 10 LA
= _lﬂ_ﬁ%’-u—-’—'ﬁa{% IND{ 831-2] 46305711 06290 |6.5754818
= ol 0T e IND[ PCL0E] 07192055 08988 17461601
0 10 20 30 40 50 60 70 80 INDL PCLOE] B
- Tappet Batch[A] -16.59188  0.0590 [7,6104934
ow Mumber ST L
Tappet Batch[B] 20817460 0.0006° 19204923 Lubrizol
5 © 2015 The Lubrizol Corporation, all rights reserved. Tappet Batch[C] 74354087 01044 20020340 f_—__“



ATWLorig |

Model with Tappet Batch ESER,

Sum of
Source Mparm DF  Squares FRatio Prob=F
LTMSLAR 3 3 42596519 50768  0.0036%
LTMSAPPILTMSLAE] 10 10 55365345 19796  0.0540
IND 5 5 87314348 62438 0.0001%
Tappet Batch 3 3 48912733 58295  0.0016%
Lab PP Tappet Batches
Least : : Least
Level 5q Mean Lab B IS hlgher on Level S5gq Mean
B A 1246011 gverage than Aand G B A 11907766
F A B 10324101 C A B 10569560
A B 9419810 B> (A & G) D B 8b6.59919
G E 8314156 A B Bl.66832
Batch B is higher on
average than D and A:
Lab Stands B> (A&D)
Least
Level 5q Mean .
[B]l2 A B 11942562 O|| Least
‘op a8 1essew Within lab, stands level  SqMean
' y . . p 8311 A 118.72055
[cn A 10402312 don’t significantly = o e
[BI3 AB 10353543 differ 831-2 A B 10289077
[A]2 A B 10348402 PCI0B A 95.97940
[FIL AEB 10324101 830-2 AB Qllﬂﬁ??ﬂ
A3 AB 9779328 '
[A]S A B 8953402 the mOSt Spread 831 b|endS don t
[AL AB 8743277 significantly differ

[G]5 AB 7583043
[G3 B 7305330

[Gl4 AB 5313402 Lubr‘izal
—
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ATWLorig |

Model with Tappet Batch BESER

Term Estimate

Intercept umssss  UsSiNg model we can estimate the mean of Tappet Batch D by
IND[ 830-2] -5.392438 . .

mopsi1] w4032 Aaveraging over labs/stands assuming the use of 831-2

IMND[ 831-2] 4.6305711

IND[ PCLOE] 0,7192055 .

morecioe] 49004 Model predicted mean for Tappet D = 87.8 (6 test results)
IMD[E31] 15491448 .

Tappet Batchia] -1650128  CuUrrent oil target = 97.2 (14 test results)

Tappet Batch[B] 20817469

Tappet Batch[C] 7.4354087 . . . . . o .

IEE;E" i?f,fl"]“” ?-31?15221 This does not constitute a statistically significant difference
LabStand[42] 8.!5;?54?38

LabStand[A3] 29847364 . : .
Lbsnaiaa  0enz7  NOte: Other models considered:

e 831 oil blends combined (no significant difference in blends)
LabStand[B2]  24.617076 3 Lab F results removed (to improve collinearity)

LabStand[B3] 8.7268875 .

it 54521662 831 blends combined & Lab F tests removed

LabStand(G1]  9.2151767 Model conclusions are similar;

Lab5tand[G2] 14857791 .

LabStand[G3]  -21.75524 Estimated Tappet D means range from 87.5 to 88.7

LabStand[G4] -41 67453
LabStand[G5] -18.97812

Lubrizol
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ATWLorig

Other Models with Tappet Batch

Combined 831

oil blends

I Summary of Fit

RSgquare

RSquare Adj

Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

Parameter Estimates

Term

Intercept

LTMSLAB[ A]

LTMSLAB[ B]

LTMSLAB[ F]

LTMSLAB[ ALLTMSAPP[1]
LTMSLAB[ ALLTMSAPP[Z]
LTMSLAB[ ALLTMSAPP[3]
LTMSLAB[ ALLTMSAPP[4]
LTMSLAB[ B:LTMSAPP[1]
LTMSLAB[ B:LTMSAPP[Z]
LTMSLAB[ GELTMSAPP[1]
LTMSLAB[ GELTMSAPP[Z]
LTMSLAB[ GLLTMSAPP[3]
LTMSLAB[ GLELTMSAPP[4]
Tappet Batch[A]

Tappet Batch[B]

Tappet Batch[C]

Ref Qil[830]

Ref Qil[831]

93.386658
-7.283847
15.722837

11.68756
-1.058892
10.371986
30934465
-1.276489
23671593
6.9356158
24.784669
28.626915
-13.42339
-34.67625
-22.64855
28.634125
9.8893637
5.5424964
16.736746

0.737872
0.655095
17.63595
103.8816

Estimate Prob>|t|

< 0001
01449
0.0018*
01666
0.9230
01132
06816
0.8467
06981
0.3967

0.0037"
01186

0.0250*
< 00017
< 00017
0.0140*
03331

8 © 2015 The Lubrizol Corporation, all rights reserved.

16

VIF

4,3349504
3.0604646
4.8436826
1.1441204
1.4275601
1.2069803
1.4843713
1.6342111
1.6856753

1.001264
1.6673009
1.3358866
1.4594033
21526545
1.3462455
13521215
1.2439806
1.8007752

Removal of 3

Lab F results
! Summary of Fit

RSquare
RSquare Adj

Root Mean Square Error
Mean of Response

Observations (or Sum Wgts)

| Parameter Estimates

Term

Intercept

LTMSLAB[ A]

LTMSLAB[ B]

LTMSLAB[ ARLTMSAPP[1]
LTMSLAB[ ARLTMSAPP[2]
LTMSLAB[ AELTMSAPP[3]
LTMSLAB[ ARLTMSAPP[4]
LTMSLAB[ BELTMSAPP[1]
LTMSLAB[ BELTMSAPP[2]
LTMSLAB[ GELTMSAPP[1]
LTMSLAB[ GELTMSAPP[2]
LTMSLAB[ GELTMSAPP[3]
LTMSLAB[ G:LTMSAPP[4]
IND[ 830-2]

IND[ 831-1]

IND[ 831-2]

IND[ PC10B]

IND[ PC10E]

Tappet Batch[A]

Tappet Batch[E]

Tappet Batch[C]

Estimate
94.340408
-2.734006
16.480249
-6.461 298
9.2884218
38150805
-1.925048
32364415
66133771
20678126

2706281
-10.19217
-30.10402
-3.808866
23.234367

7.548098
3.58340097
-31.93534
-17.43443
22172185
71607558

0.787392
0.705619
16.50225
103.3726

i3

Prob>[t| VIF
< 0001*
04851
0.0002*
0.5566
01417
0.5931
0.7670
0.5835
0.4019
0.0034*
0.0040*
0.2140
0.0400*
06116
0.0022*
0.4349
0.5435
0.0001*
0.0454*

A
0.0003

30821457
26406074

1.307712

1.512781
1.2309954
1.6317957
1.7415895
1.7564196
20065982
1.7180009
1.3936192
1.4981766

1.359182
3.3780342
5.7309908
1.5990663
1.4534682
7.3705444
1.8628846
01133 19862762

SUCCESS
TOGETHER

Combined 831 blends &
Lab F tests removed
| Summary of Fit

RSgquare
RSgquare Adj

Root Mean Square Error
Mean of Response
Observations (or Sum Wats)

Parameter Estimates

Term

Intercept

LTMSLAB[ A]

LTMSLAB[ E]

LTMSLAB] ALLTMSAPP1]
LTMSLAB] ALLTMSAPP[2]
LTMSLAB] ALLTMSAPP[3]
LTMSLAB[ ALLTMSAPP[4]
LTMSLAB[ Bl:LTMSAPP[1]
LTMSLAB[ Bl:LTMSAPP[2]
LTMSLAB] GELTMSAPP[1]
LTMSLAB[ GLLTMSAPP[2]
LTMSLAB[ GELTMSAPP[3]
LTMSLAB] GLLTMSAPP[4]
Tappet Batch[A]

Tappet Batch[B]

Tappet Batch[C]

Ref Qil[830]

Ref Qil[831]

Estimate
91026832
-3.610509
20108889
-0.268152
10.376051
33026202
-2.101457
22278375
7.9866944
24450892

28.50011
-13.58726
-34.82119
-24.71145
30.840352
97703724
59855509
15722368

0.749524

067251
17.40555
103.3726

Prob: |t|
< 0001*
0.3765
< 0001*
0.9803
01086
06573
0.7480
0.7115
0.3251

0.0025*
01099

0.0228*
< 0001*
< 0001*
0.0140*
0.2907

0.0013*

i3

VIF

3.0040137
23617359

114635
1.4203354
1.2049135
1.4862757
1.6335339
1.6966395

© 1.8906853

16705454
1.3340023
14504579

2.229837
1.3743185

1.339819
1.2470463
1.5227459

Lubrizol
T e



ATWLorig |

F SUCCESS
Other Models with Tappet Batch TOGETHER
Combined 831 Removal of 3 Combined 831 blends &
oil blends Lab F results Lab F tests removed
Least Least Least
Level 5q Mean Level SqMean Level SqMean
Ta_lppet Batch B A 12202081 B A 11?5.519_59 B A 12186718
Differences c B 103.27605 C AB 10150116 C B 10079720
D C 7151175 D B 8244190 D C 7512756
A ¢ 70.J3813 A B 7690598 A C 6631538
Least Least Least
. . Level 5q Mean Level Sq Mean Level Sq Mean
Oil Differences 831 A 11012343 831-1 A 117.57478 831 A 106.74920
830 A 08.92018 831-2 A B 101.88951 830 A 97.01239
PCIOE B 7110745 PCI0E A 97.92382 PCIOE B 59.31830
821 AB 0571774
830-2 A B 9053154
PCIOE B 6240507
Estimated
88.7 87.5 87.8

Tappet D mean

Estimated means do not significantly differ from current oil target
Current 831 target mean = 97.2 Lubrizol
——

9 ©2015 The Lubrizol Corporation,al rights reserved. Levels not connected by same letter are significantly different.



ATWLorig |

Other Models with Tappet Batch TGS,

Combined 831 Removal of 3 Combined 831 blends &
oil blends Lab F results Lab F tests removed
Least
Least Least
Level 5q Mean
: Level 5q Mean Level 5qMean
Labs Differences E’ i 8 Egégﬁ B A 11082066 B A 11113572
' A B 91.60640 A B 8741632
A B 8el0zsd G B 8059417 G B 74.52845
G B 73.25014 ' '
Least Least Least
Level SqMean Level SqMean Level 5q Mean
[B]2 A 116.04514 [B2 AB 11743403 [B]2 A 119.12242
[BIL A 11147668 [BIL A 11405710 [BIL A 11336356
[FL ABC 10508425 [G]2 AB 10765697 [G]2 ABC 1040285
[G]2 ABC 10187705 [GlL AB 10127229 [B3 A C 10092119
[B A C 9980675 [B]3 A B 10097084 [Gl A C 9898834
Stand [Gl A C 9803481 [Al2 A B 10089482 [Al2 A C 9779237
. [Al2 A C 9647483 [A]3 AB 9542148 [AZ ABC 9071894
Differences [AB ABC 891929 [A4 AB 8968045 [Al ABC 8714817
[All ABC 8504285 [Al5 AB 8689015 [AM AEBC 8531487
[A4 ABC 8482635 [AL AB 8514510 [Al5 ABC 7610726
[A5 ABC 7497389 [G]5 AB 7314941 [GI5 ABC 6897691
[GI5 ABC 6793819 [G]3 B 7040200 [GI3 B 6094119
[GE B 5982675 [G4 A B 5049015 [Gl4 BC 3970726
[GM B C 385738
[ )
10 © 2015 The Lubrizol C i i 1 i r LUbr"ZOl
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ATWLorig

Model with Tappet Batch

Engine hours effect heavily influenced by 2 test results; could be hardware related

™ [ ]
2 .
o oo ° With 2 Tests Included
S 1l oae * ‘ . Term Estimate Std Error tRatio Prob>|t]
= . * o Intercept  0.219657 0158544 139 01702
q - *
= 3. - = o ENHOURS -8466e-5 3966e-5 -213  0.0362
ol
= %o *®
= & .
a4l .%o With 2 Tests Excluded
=
@A * Term Estimate StdError tRatio Prob>|t|
o * e Intercept 01384675 0160063 087 03899
ENHOURS -3.84e-5 4.438e-5 -087 023899
I I I I I T I
0 2000 4000 G000 8000 10000 12000 14000
ENHOURS
14000
[ ]
12000
H
10000
v B000- L
s o B
o a ° O
= 6000 .
= ™ O
[ ]
4000 — . ™ .
U - e [ [ [m] - * [
4 [] [ ]
w0 § ¢, s °* g $.
“ . . - . e : l
0 L] a ™ s * . e s & a® ™
E Imlmlgl EI gl § IE’EIEEEEIE @Eglalﬁlﬁlggg EI g T EIEEI§§I§ §IE§I§I §I§
¥ 5 B zoEEEA SEITCUE O EEiiiiiinoac
@ 2o g 2 ¢ fogogttogfdzof A

" NOTE: No si%nificant ENHOURS effect when Camshaft

© 2015 The Lubrizol Corporation, all rights reserved.
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ATWLorig

- SUCCESS
odael Wi amsna alC TOGETHER
! Actual by Predicted Plot !Summary of Fit
200 ¥ RSquare 0574369
180 2 v RSquare Adj 0.803702
~a Root Mean Square Errar 13.30475
— 160 o5 L Mean of Response 103.8816
2 140 » ‘ese LT Observations (or Sum Wgts) 76
L=y - -
. " 1
g 120 pCY Vo Effect Tests
E‘ Wor === . .,." Sl o o mmema. Sum of
T Source Nparm DF  Squares FRatio Prob>F 1 1
< L.
80 L, LTMSLAB 33 4050761 76278 00003 Evidence that Iabs, OIIS'
LT LTMSAPP[LTMSLAB] 10 10 3720862 21071 00422
60— - ..
& IND 5 5 4048928 45746 0.0017F Stands, and camshaft
40 . . | T | | 1 Camshaft Batch 9 9 11497401 72168  <.0001" i
40 60 80 100 120 140 160 130 200 : batches differ
ATWLorig Predicted P<.0001 R5q=0.87 Parameter Estimates
RMSE=13.305 Term Estimate Prob> |t| VIF
1 Residual by Predicted Plot Intercept 11154198  <.0001* .
= LTMSLAB A] 7356002 01904 9.6210005
. ° . LTMSLABY B] 86558442 00087 61425712
20- N . LTMSLABI F] 19474737 01372 20.289166 .
_ . oo . LTMSLAB[ ALLTMSAPP[1] -1154393 08974 1.3378904 Undesired level of
30 ottt .t LTMSLAB] ALLTMSAPP[2] 23042407 06598 17635036 lati .
ER S AR - J S LTMSLAB] ALLTMSAPP[3] 13822145 08148 12984135 correlation exists among
1 o, e . LTMSLAB] ALLTMSAPP[4] 28448504 05787 15628033
SZE -
5 -0 . P LTMSLAB] BELTMSAPP[1] -0.081108 08428 1885011 model effects.
= . . * LTMSLAB] BELTMSAPP[2] 28045484 06668 18815629
< -20 . LTMSLAB] GELTMSAPP[1] 18367712 00016° 2.0697919 ) )
30 LTMSLAB[ GELTMSAPP[2] 23.044722 0.0030° 1.7736994 ThIS can be |mproved
. LTMSLAB] GELTMSAPP3] -8.300668 02103 14008416 .
a0 N LTMSLAB GLLTMSAPP[4] -2844852 00172 15009844 with the removal of
40 60 80 100 120 140 160 180 200 IND[ 830-2] 32503052 06636 2783442
ATWLorig Predicted IND[ 831-1] 13935733 0.0436°  5.526606 3 Lab F tests
IND[ 831-2] 71633333 04188 88247172
! Residual by Row Plot IND[ PC108] 620060 02136 21120634
IND[ PCI0E] -26.23372 25913892
E Camshaft Batch[A] -3119749  00019° 11311828
= Camshaft BatchlE] 1688238 00370 58342805
g Carnshaft Batch[C] -3207976  0.0002° 36634272
58 L N Carnshaft Batch[D] 1575245 04272 14583029
0 10 20 20 40 50 &0 70 80 Camshaft Batch[E] 21160914 0.0055%  2.980854
Row Number Carnshaft Batch[F] 35732436 <0001 35157481 .
Camshaft Batch[G) 44129050  0.0014* 63428421 L b l
Camshaft Batch[H] 23648564 0,0017% 2854720 uorizZo
12 © 2015 The Lubrizol Corporation, all rights reserved. Camshaft Batch[J] 4282304 04742 51233344 ’- —



ATWLorig |

Model with Camshaft Batch e

| Effect Tests
Sum of
Source Mparm DF  Squares FRatio Prob> F
LTMSLAB 3 3 4050761 76278 00003
LTMSAPP[LTMSLAB] 10 10 3720862 21071  0.0422°
Lab IND 5 5 4048028 45746 00017 .
Camshaft Batch 9 9 11407401 72168 <0001 Oil o=
Least . .
Lab B is higher on Level Sy
Level 5q Mean 9 831-1 A 12547772
Fae 13101672 gverage than Aand G . 8312 AB 11870532
B A 12019783 B> (A & G) 831 blends don’t PCIO0E A 11775167
A B 104.18589 iynifi i §30-2 A 114.80129
5 B 0076750 significantly differ I
PCIOE B 8530827
Lab Stands
Least
Level 5q Mean C h .I:t B t h
[Fl ABC 13101672 amsha alChes
B2 AB  123.00238 L
{E}l A 119.21672 Within lab, stands Level Sq r::‘tn
(B3 A ns37439  don'’t significantly G AB 15567104
[G2 ABC 11381222 . - ‘ot F A 147.27442
lon asc ez differ Batch differences exist W ae 1a510058
[AM A B C 107.03074 E AB 13270290
[A]Z A B C 106.58014 J B C 107.25958
[A3 A B C 10556811 Lab G stands have D ABC 9578953
[an aec 10303150 the most spread B C 9465961
[A]S ABC 09871897 K C  87.08540
[G5 ABC 8611325 A C 8034449
[G3 B C 8245783 C C 7946222
[GM C 6231897 Lub r."zal
13 ©2015 The Lubrizol Corporation, al rights reserved. Levels not connected by same letter are significantly different. — -



ATWLorig |

Model with Camshaft Batch S

Term Estimate
Intercept 10474122

NoE%-2 32553052 Using model we can estimate the mean of Camshaft Batch K by

IND[ 831-2] 71613333 @averaging over lab/stands assuming the use of 831-2

IND[ PC10E] 6.20969

IMD[ PC10E] -26.23372 .

B Model predicted mean for Camshaft K = 87.4 (6 test results)
camshaftBatchic] 3207976  CuUrrent oil target = 97.2 (14 test results)

Camshaft Batch[D] -15.75245

Camshaft Batch[E] 21160914

cemshaft Batchlf) 35732%  This does not constitute a statistically significant difference
Camshaft Batch[G] 44129059

Camshaft Batch[H] 23648564

Camshaft Batch[J -4 282304 .
e 7eme  Note: Other models were considered:

B 831 oil blends combined (no significant difference in blends)
e 3 Lab F results removed (to improve collinearity)
dostan -0, .

LabStand[B1] 14475496 831 blends combined & Lab F tests removed
Lab5tand[B2] 18.261152 : : : .

L Moqlel conclusions are similar;

LabStand[F1] 26275496 Estimated Cam K means range from 85.3 to 87.4
Lab5tand[(G1] 4,3030828

Lab5tand[G2] 9.0709932

LabStand[G3] -22.2834

LabStand[G4] -42.42225

Lubrizol
T e

14 © 2015 The Lubrizol Corporation, all rights reserved.



ATWLorig

Other Models with Camshaft Batch
Combined 831

oil blends
Summary of Fit
RSquare 0.867579
RSquare Adj 0.805263
Root Mean Square Error 13.25175
Mean of Response 103.8816
Observations (or Sum Wots) 76

Parameter Estimates

Term

Intercept 10939555
LTMSLAB[ A] -5110663
LTMSLAB[ B] 12.721743
LTMSLAE[ F] 11.425516
LTMSLAB[ ALLTMSAPP[1] 00173046
LTMSLAB[ ALLTMSAPP[2] 27362116
LTMSLAB[ ALLTMSAPP[3] 16217482
LTMSLAB[ ALLTMSAPP[4] 31453191
LTMSLAB[ BELTMSAPP[1] -2.818064
LTMSLAB[ BELTMSAPP[2] 39685699
LTMSLAB[ GELTMSAPP[1]  19.24426
LTMSLAB[ GELTMSAPP[2] 23.903287
LTMSLAB[ GELTMSAPP[3] -9.372167
LTMSLAB[ GELTMSAPP[4] -29.99515
Camshaft Batch[A] -37.29237
Camshaft Batch[B] -22.49798
Camshaft Batch[C] -34. 11849
Camshaft Batch[D] -3.097979
Camshaft Batch([E] 23282373
Camshaft Batch([F] 37741283
Camshaft Batch[G] 46119872
Camshaft Batch[H] 25,75965
Camshaft Batch[J] -6.640716
Ref Qil[830] 9.0437601
Ref Qil[331] 1147691

15 © 2015 The Lubrizol Corporation, all rights reserved.

Estimate Prob> |t|

< 0001*
0.2413
0.0018*
01642
0.9984
06079
0.7793
0.5318
0.5513
0.5264
0.0019*
0.1504
0.0110*
< 00071 *
< 00071 *
< 00071 *
0.8411
0.0012*
< 0001*

0.0003*
01280
0.0517
0.0154*

VIF

5.8757923
3.5070939
8.0730945
1.2561762
1.7089799
1.2583051
1.5190162
1.7336862
1.7517683
1.9849811
1.7504785
1.35836248
1.4708937
4.4810716
2.4430058
2.8935427
8.9528511
2.6267872
31051379
6.0308747
24989512

2.700391
14075782
3.0887327

Removal of 3

Lab F results
| Summary of Fit

R5quare
R5quare Adj

Root Mean Square Error

Mean of Response

Observations (or Sum Wagts)

! Parameter Estimates

Term

Intercept

LTMSLAB[ 4]

LTMSLAB[ B]

LTMSLAB[ ALLTMSAPP[1]
LTMSLAB[ ALLTMSAPP[2]
LTMSLAB[ AL:LTMSAPP[3]
LTMSLAB[ AL:LTMSAPP[4]
LTMSLAB[ Bl:LTMSAPP[1]
LTMSLAB[ Bl:LTMSAPP[2]
LTMSLAB[ GL:LTMSAPP[1]
LTMSLAB[ GL:LTMSAPP[2]
LTMSLAB[ GL:LTMSAPP[3]
LTMSLAB[ GL:LTMSAPP[4]
IMD[ 830-2]

IMD[ 831-1]

IMD[ 831-2]

IMD[ PC10B]

IMD[ PC10E]

Camshaft Batch[4]
Camshaft Batch[B]
Camshaft Batch[C]
Camshaft Batch[E]
Camshaft Batch[F]
Camshaft Batch[G]
Camshaft Batch[H]
Camshaft Batch[J]

0.8769
0.811422
13.20791
1033726

73

Estimate Prob> |t|

106.20068
-0.864513
15147423
-1.154393
2.3942447
1.3822145
2.8448504
-0.981108
2.8045454
18.367712
23044722
-8.309668
-28.44852
3.2593052
13935733
7.1633333

6.20969
-26.23372
-32.94776
-18.63265
-33.83003
19410641
33982164
42378787
21898291
-6.032577

< 0001*
0. 7898
< 0001*
0.8967
0.6575
08135
0.5760
08417
0.6645
0.0015*
0.0028*
0.2072
0.0165*
0.6614
0.0423*
0.4155
0.2105
00011
0.0174*
< 0001*
0.0082*
0.0001*
0.0015*
0.0026*

0.2783

VIF

3.3098892
2.8896104
1.3376481
1.7545734
1.2957824
1.5548939
1.8847278
1.8810508
2.0564782
1.77104&7
1.3987482
1.5009844
2.0864377
4.5357846
7.3904954
1.7395495
21673536
106176
48743163
3.326259
2.816124
3.2942124
6.0501514
2695675
4.4317095

| Summary of Fit
RSquare
RSquare Ad)
Root Mean Square Error
Mean of Response

SUCCESS
TOGETHER

Combined 831 blends &
Lab F tests removed

0870005
0.812807
1315831
1023726

Observations (or Sum Wgts)

I Parameter Estimates

Term Estimate
Intercept 105.93127
LTMSLAB[ A] -1.302158
LTMSLAR[ B] 16.530248
LTMSLAB[ ALTMSAPP[1] 0.0178046
LTMSLAB[ ALLTMSAPP[2] 27362116
LTMSLAB[ A:LTMSAPP[3] 1.6217482
LTMSLAB[ ALLTMSAPP[4] 31453191
LTMSLAB[ BLELTMSAPP[1] -2.818064
LTMSLAB[ BLTMSAPP[Z] 3.9685699
LTMSLAB[ GELTMSAPP[1] 19.24426
LTMSLAB[ GELTMSAPP[2] 23903287
LTMSLAB[ GI:LTMSAPP[3] -9.372167
LTMSLAB[ GELTMSAPP[4] -29.99515
Camshaft Batch[A] -37.63659
Camshaft Batch[B] -22.8422
Camshaft Batch[C] -34.46271
Camshaft Batch[E] 22938153
Camshaft Batch[F] 37.397063
Camshaft Batch[G] 45.775652
Camshaft Batch[H] 2541543
Camshaft Batch[J] -6.984936
Ref Qil[830] 9.0437601
Ref Cil[831] 11.47691

Prob=|t|
= 0001*
0.6834
= 0001*
0.9983
0.6054
0.7779
0.5290
0.5486
0.5236

0.0018*
01477

0.0105*
= 0001*
= 0001*

= 001"

0.0002*
0.0806
0.0502
0.0148*

73

VIF

3.2298485
2.6006992
1.2558488
1.7003306
1.2567532
15113283
1.7325985
1.7512915
19722129
1.7478626
13563329
1.4708937
4,2399402
24158374
27735183

© 24478435
© 289138457
© 57519092

23262195
2.2651228
1.4075782
3.0488362

Lubrizol
T e



ATWLorig |

SUCCESS
TOGETHER

Other Models with Camshaft Batch

Combined 831

Removal of 3 Combined 831 blends &

oil blends Lab F results Lab F tests removed
Least Least Least
Level 5q Mean Level 5q Mean Level 5q Mean
3 A 155.51542 G A 14917946 G A 151.70692
CamShaﬁ: BatCh F A 14713684 F A 140.758284 F A 143.32833
Dlﬁerences H A 13515520 H AB 125.69897 H A 131.34670
E A 13267793 E AB 126.21132 E A 1258.86942
D A B C 10629757 ] B C 100.76810 ] B 08.94533
] B 10275484 B C 8816803 B B &3.08907
B B C 86.89757 4 . 80.57382 K C 7633141
K C 8013991 A C 73.8529 C C 71.46856
i i 75.27706 C C 7297065 fi C 08.29468
A C 7210318
Least Least Least
. . Level 5q Mean Level Sq Mean Level Sa M
Oil Differences cve s
831 A 12087246 831-1 A 12073641 831 A 117.40818
830 A 11843931 831-2 A B 113.96401 830 A 11497503
PCI0OE B  88.87488 PCI0B A 113.01037 PCIOE B 8541060
830-2 A 11005995
831 A B 10246633
PC10E B 80.566096
Estimated 86.5 85.4 85.3

Camshaft K mean
Estimated means do not significantly differ from current oil target

Current 831 Target mean = 97.2 Lubrizol
—

16 ©2015 he Lubrizol Corporation, all rights reserved. Levels not connected by same letter are significantly different.



ATWLorig |

Other Models with Camshaft Batch FOGETER

Combined 831 Removal of 3 Combined 831 blends &
oil blends Lab F results Lab F tests removed
Least

Level 5q Mean — Level Sq ':.:;
Labs Differences & » 12um PR oo B A 124619
F A B 12082107 ' A E 10462911
A B 10478480 A B 10593616 : e

G B 0035806 G B 9251777
Least Least Least
Level 5q Mean Level 5q Mean Level S5q Mean
[B]l2 A 126.08587 [B]l2 A 12475265 [B]l2 A 126.42009
[B]Z A 12096679 [Bl A 12096699 [B]2 A 121.31101
[FR A B C 12082107 [E]Z A 12012466 [Bll A 119.64345
[BlL A 119.29923 [G]2 A B 11556249 [G]l2 AB 114 60646
[G]2 ABC 1142622 [GIL A B 11083548 [GL A 109.94744
Stand [G1 A C 10960322 [Al4 A B 10878102 [Al4 A B C 107.77443
. [Al4 A B C 10743021 [A]2 A B 10833041 [Al2 A B C 10736532
Dlﬂ:erences [Al2 A B C 107.02110 [A]2 A B 10731838 [AlZ A B C 10625085
[Al3 A B C 105090664 [Al A B 10478177 [Al A B C 10454591
[4]1 ABC 10430269 [Al5 A B 10046924 [Al5 ABC 9710803
[Al5 ABC 9676381 [G]5 A B  &7.B6353 [G]I5 ABC 8682295
[G]I5 ABC 8B5TET3 [G]3 B 8420810 [G]3 B C 8133101
[G]3 B 80.98679 [G]4 B 6406924 [Gl4 C  60.70803

[G]4 B C 6036381
L
Lubrizol
17 @ 2015 The Lubrzol Corporation,ai rights eservect Levels not connected by same letter are significantly different. p—



ATWLorig |

SUCCESS

Non-Model based comparison TOGETHER

Comparisons between 6 tests with latest hardware and the
original 14 tests used to generate current targets

——
120
110 L
o 100 i 1 Means and Std Deviations
5 ] .
E 90 ' Level Number Mean StdDew
-q: -
0 6 tests on new hardware 6 841333 125731
m) Criginal 14 14 971857 14,7668
B0
O
70 é

6 tests on new ' Original 14

hardware .
Comparison Levels

There is no significant difference between the mean of the latest 6 tests on the new
hardware and the original target

There is no significant difference between the variability observed in the 6 tests on the

new hardware and the original 14 tests used to calculate the current oil target ]
Lubrizol
————

18 © 2015 The Lubrizol Corporation, all rights reserved.



Average Camshaft Wear |

Date

SUCCESS
TOGETHER
90 Need 1or transtormation due 10hozw: e . 8302
. . « 831-1
- inclusion of these 4 tests oo S OIL
85233-15B . ’? « PCl0B
= 707 03990-15BX__X g:?UE
& 0 J0s272-158 i
E o o 0® o o ':_’;(x x xfc .
50 x Q
Q £ 0 + o & o qs o | XEX&E | 5 ¢ LAB
40 R o Xy © o I x G
+
0l %
A I Camshaft Number of
1 030911588 Batch IND tests | Mean(ACSWorig )
ag | I EEe Camshaft Batch A PC10B 6 419
80 J 56794158 A B 831-1 2 459
85233-15B® '73532'5—[58 © B B PC108 6 432
70- !33“3 - - C B 831 3 413
= 03990-15 - D
g | . C 831-1 2 422
5 60 R R C_[pcioB] 2 492
= . . Y . F D 831-1 1 59.8
T gee r - | s Tre E E 8311 4 504
0| %o . I L F [831] 3 53.8
? ¢ . G 8311 1 53.1
0 ! H | 8311] 4 488
| J 831-1 8 529
103991152 J 8312 16 59.2
ag - I Tappet Batch K 8312 5 538
—J | J670-1s8 | g
85233-158el ®35326-158 | Tappet Number of .
70 + C Batch IND tests  |Mean{ACSWorig )
g lioos01568 e | o D A 8311 3 144
= 60 | O A_| PC10B| 13 425
= . . o1 ‘e A 831 3 413
R * 2 . o Ve B 8311 10 519
0 o | B PC10B 1 56.2
2 * | C 831-1 12 515
0 - C 8312 16 50.2
T T D §31-2 6 538
=1 (=1 = =1 [=1 =1 = (=1 =1 — — — — — — — — — — —
S §§§§§§§§§5 555565 ¢§§§§ 831 Target mean 2 42.5
= @& £ @& 5 & 3 & 8 @ g @ 5 @2 g g 5 g = &g

Lubrizol
Lty



ACSWorig |

Model with Tappet Batch ESER,

All 76 tests utilized; natural logarithm transformation applied: In(ACSWorig)

100 . .
. I Residual by Predicted Plot
90 )
Non-transformed units 0.3 .
_ 80 . 04— .
3
< E 0.3 . .
[=2] —
g E ﬂlz_ - - * .
-
- E“ 01 . = .ﬂ: o
RIS A b
=z 00+ - 1S fsC f
Z 01- eeD .
20 T T T & 02 - . * ™ L
40 50 60 - .
ACSWorig Predicted P<.0001 RSq=0.56 03- N
RMSE=0.1529 o .
Tt | | T
40 50 60
ACSWorig Predicted
| Summary of Fit P
RSquare 0.56068 Residual by Row Plot
RSquare Adj 0.508223 044 . .. "
L = m]
Root Mean Square Error 0.152048 ERNTEARY L . e v 5
Mean of Respanse 3.866603 z &%w
Observations (or Sum Wagts) 76 = 02,0 *e e,
.'I‘
| | | | | | |
! Effect Test 0 10 20 30 40 50 60 70 &0
Row Mumber
Source Prob = F
IND 0.0228*

Tappet Batch 01018

Lubrizol
Lty
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ACSWorig |

Model with Tappet Batch BESER

All 76 tests utilized; natural logarithm transformation applied: In(ACSWorig)

Non-transformed units shown;
Comparisons made in transformed units

1 Effect Test Least

Oils differ (831-2 > PC10E) Level SqMean

831-2 A 54.800980

Source BE 831-1 AB 48132427
IND bn Tappet batches tend to be PCIOB A B 47.516672
Tappet Batch 01018 . 831 AB 46091516

different 830-2 A B 43456491

PCI0E B 38348302

| Expanded Estimates Transformed units

Mominal factors expanded to all levels

Using the model we can estimate the mean of Tappet D

Term Estimate StdError  tRatio Prob>|t| assuming the use of 831-2
Intercept 38313347  0.044384 8632 <0001
IND[ 830-2] -0.059575  0.062401 085 03432

IND[831-1] 00426214 0056461 075 04530 Model predicted mean for Tappet D = 53.4 (3.9782 in In units)
IND[ 831-2] 01725376 0.073907 233 0.0226%

IMD[ PC10E] 0.0297459  0.046567 064 05251 Current OII target =425
IMD[ PC10E] -0184624 0062401 -296  0.0043%

IMD[E31] -0.000706  0.08058 -0.01 0.9930 . . . ‘g .
Teppet Batch[A] 0111310 006ss7s 172 osses 1 NE €Stimated mean for Tappet D is significantly different than

Tappet Batch[B] 0.0796552  0.0473 158 00968  the current oil target
Tappet Batch[C] 0.0573368  0.03746 153 01306

Tappet Batch[D] -0.025673  0.063904 -040 05892

Lubrizol
T e
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ACSWorig

Models with Tappet Batch

Model

Summary

of Fit

Overall Tests 0

Model

Oil &
Tappets

Estimated
Tappet D mean (39732

(transformed units)

22

All data;
Oil blends included

| Summary of Fit

RSquare

RSquare Adj

Root Mean Square Error
Mean of Response
Observations (or Sum Wagts)

0.56068
0.508223
0152948
3566693

76
Source Prob > F
0.0228*

appet Batch  0.1018

I Parameter Estimates

Estimate Prob:|t|
38313347  <.0001%
-0.059575 03432
00426214 04530
01725376  0.0226”
00297459  0.5251
IND[ PC10E] -0.184624  0.0043%
Tappet Batch[A] -0111319  0.0898
Tappet Batch[B] 0.0796552  0.0968
Tappet Batch[C] 0.0573368 01306

Term VIF
Intercept
IND[ 830-2]
IND[ 831-1]
IND[ 831-2]
IND[ PC10B]

1.4784045
29478306
47283067
1.4282767
1.4734045
51461253
1.5944215
1.6575209

Least
SqMean
49.948372
48.845951
44954989
41.265046

Least
Sq Mean
54.809980
48132427
47.516672
46,091516
43456491
38.348302

53.4

Level
B

Level
831-2 A
8311 AB
PCI10B A B
&31 AB
830-2 AB
PCI0E B

=R e

=
D
A

Estimated me

© 2015 The Lubrizol Corporation, all rights reserved.

All data;

Oil blends combined
| Summary of Fit

RSquare

RSquare Adj

Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

Prob = F
< 0001*

0.0163*

0.527319
0.493556
0155212
3.866693

16

Source
Tappet Batch
Ref Cil

Parameter Estimates

Term Estimate Prob>[t]
Intercept 3.8214092  <.0001"
Tappet Batch[A] -0173803 ~=.0001"
Tappet Batch[B] 0.0316515 0.4337

Tappet Batch[C] 0.0847414  0.0076"
Ref Qil[830] 0.0128349 0.7929

Ref Qil[831] 0.0993801 001127

VIF

1.3794183

1118205
1.0908186
1.1812865
1.5552478

Least
SqMean
50.440243
46.258448
40.820897

Least

S5q Mean
49.707238
43.367068
47137113

B 38382681

Level

831 A
830 AB
PCIOE B

Level

> m o
e

53.4
(3.9782)

ans differ from currgnt oil target in all models

4 tests removed;
Oil blends included

ISummary of Fit
RSquare 0.608524
RSquare Ad) 0.558813
Root Mean Square Error 5.386875
Mean of Response 4715278
Observations (or Sum Wagts) 72
Source Prob = F
IND 0.0198*

Tappet Batch 0.0283"

Term Estimate Probs |t| VIF
Intercept 46.965469 - pop1* ,
IND[ 830-2] -1.725776 04361 14827327
IND[ 831-1] 15393061 (4428 28574845
IND[ 831-2] 59872781  (0.0300% 4.5884908
IND[ PC10B] 13540769 04137 1429439
IND[ PC10E] -6.909109  0.0026% 14827327
Tappet Batch[A] -5473026 0.0202% 51435857
Tappet Batch[B] 37757002  0.0290* 1.6392246
Tappet Batch[C] 08134067 0.5489 1.6009372
Least Least
Level SqMean | .. Sq Mean
8312 A 52932T47 A 50741160
8311 AB 48504775 AB 47849350
PCIOB A 48319546 AB 47778876
81 AB 46739683 B 41490443
830-2 A B 45239603
PCIOE B 40.056360

53.8

Levels nnt%ygggptgfgylsgrﬂggﬂem%as% rﬁfiél]c-gﬁ%r different.

SUCCESS
TOGETHER

4 tests removed;
Oil blends combined

| Summary of Fit
RSquare 0.582073
RSquare Ad) 0.550412
Root Mean Square Error 5437922
Mean of Response 4715278

Observations (or Sum Wagts) 72
Source Prob = F
Tappet Batch <.0001"
Ref il 0.0050*
Term Estimate rob> [t| VIF
Intercept 46471611 - 0001* :
Tappet Batch[A] -7.479506 < 0001* 1.3680533
Tappet Batch[B] 2157815 01313 11231744
Tappet Batch[C] 16108453 01570 1.0920492
Ref Ql[830] 0.7745614 06513 11812865
Ref Qil[831] 36342105 0.0084* 1.5409357
Least Least
Level SqMean Level SqMean
D A 50182456 831 A 50.105821
B A 453629426 B30 A B 47.246172
C A 43082456 PCL0E B 42062839
A B 33992105

53.8

Lubrizol
T e



ACSWorig

Model with Camshaft Batch

All 76 tests utilized; natural logarithm transformation applied: In(ACSWorig)

SUCCESS
TOGETHER

Actual by Predicted Plot | Residual by Predicted Plot
100 0.5
. -
a0 - 0.4
_ -
= 80 .t ER . D H
g - . g 027 R
2 60— E‘:‘ 0.1- - o
o . = . ] ;?_ e
% 50 - E L . ) sﬁ ‘i‘
S Cf S =z 01- e \
40 - . o
"« Non-transformed g 02 et
- . -
30 .o units 037 *
20 T T T T T T T -0.4 T '| T T T T T
20 30 40 50 60 70 B0 90 100 20 30 40 50 &0 70 & 90 100

ACSWorig Predicted P<.0001 R5q=057 ACSWarig Predicted

RMSE=0.1588
| Residual by Row Plot
| Summary of Fit . - %
= .e & . - =

RSquare 0.56873 z 0l-a . et O
RSquare Adj 0.469751 Z g2 e Rt Tt %A N
Root Mean Square Error 0158818 . 'I — T
Mean of Response 3.866693 0 10 20 30 40 50 60 70 &0
Observations (or Sum Wgts) Fii] Row Mumber

Source Prob > F

ND 0.7199

Camshaft Batch [ gu5

23 © 2015 The Lubrizol Corporation, all rights reserved.
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ACSWorig

Model with Camshaft Batch SRS
All 76 tests utilized; natural logarithm transformation applied: Ln(ACSWorig)

No significant difference among oil and camshaft batches in this model

Parameter Estimates

Term

Intercept

IMD[ 830-2]

IMND[ 831-1]

IMD[ 831-2]

IND[ PC10E]

IMD[ PC10E]
Camshaft Batch[A]
Camshaft Batch[B]
Camshaft Batch[(C]
Camshaft Batch[D]
Camshaft Batch[E]
Camshaft Batch[F]
Camshaft Batch[G]
Camshaft Batch[H]
Camshaft Batch[J]

Estimate
38715122
-0.025302
0.0238993
01314522
0.0408585
-0.150352
-0.185769
-0.131647
-0.08053
01955842
00228156
0.0881355
00767655
-0.008845
00582446

Source
IND

Prob = F

0.2199
Camnshaft Batch 5248

Std Error t Ratio
0056165 68.43
0082315 -0.31
0071374 0.33
0.,090814 145
0.050714 081
0082315 -1.83
0102265 -1.82
0.079614 -1.65
008271 -1.09
0147382 133
0081182 0.28
0.,090951 097
0147392 0.52
0081182 -011
0.058632 0.99

24 © 2015 The Lubrizol Corporation, all rights reserved.

Prob: |t]
< 0001*
0.7596
0.7389
01529
04236
0.0727
0.0742
01034
0.2781
0.1894
0.779%
0.3364
0.6044
09136
0.3244

Lewvel
&31-2
pCl0B
&831-1
831
&30-2
PC10E

VIF

2.3858964
4,3688779
6.6210935
1.5711059
2.3858964
9.1653947
41892966
26986382

5745722
2.5991645
29127878

5745722
2.5991645
3.5077171

A
A

P N

Least Least
S5q Mean Level 5q Mean
ey EEE Non-transformed units shown;
igf?;ﬁgﬂ ; i ;i;iiggi Comparisons made in transformed units
47.038051 1 A 50894601
45.815290 E A 4912301
41312284 H A 4759117
4 A 46840448
C A 43859111
B A 42092319
A A 39874763

Collinearity in data affects oil and
camshaft batch significance

This will be shown using other
models on the following slides

Lubrizol
T e



ACSWorig

Models with Camshaft Batch

All data;
Oil & Cam

Model included
Summary
of Fit
RSquare 0.56873
R5quare Adj 0.468751
Root Mean Square Error 0158818
Mean of Response 3566693
Observations (or Sum Wgts) i}
Model

Source *rob > F

IND 0.2199

Camshaft Batch 0.6248
Term Prob:= |t] VIF
Intercept «<.,0001* c
IMND[ 830-2] 0.7596 23858064
IMND[ 831-1] 0.7389 4.3688779
IMND[ 831-2] 01529 G6.6210938
IND[ PC10E] 04236 1.5711059
IND[ PC10E] 00727 23858964
Camshaft Batch[A] 0.0742 91653947
Camshaft Batch[EB] 01034 41892066
Camshaft Batch[C] 0.2781 26986382
Camshaft Batch[D1] 01894 5745722
Camshaft Batch[E] 07796 2.5991645
Camshaft Batch[F] 0.3364 29127878
Camshaft Batch[ 5] 0.6044 5745722
Camshaft Batch[H] 09136 25991645
Camshaft Batch[J] 0.3244 35077171

25 © 2015 The Lubrizol Corporation, all rights reserved.

All data;
Oil
included

0.51834
0453936
0156679
3.866693

76

Prob = F

< 0001*

Prob: |t] VIF
= 0001* c
0.0540 11900205
< 0001% 1.0716944
<, 0001* 1.0768831
08210 1.08618562
<, 0001* 1.1900205

All data;
Cam
included

0.51752
0.451728
0.161494
3.866693

76

Prob = F

< 0001*

Probs[t] VIF

= 0001*

< 0001* 1.7424641
0.0074* 1.7856129
0.2353 23314773
0.2167 5.5662017
0.8864 23314773
0.3909 25737814
06601 5.5662017
0.7945 23314773
0.0064* 1.7427612

4 tests
removed;
Oil & Cam
included

0620013
0.526683
5579579
4715278

72

Prob = F
01478
03166

Prob> |t| VIF
« 0001+
0.9007
0.8152
01589

2.392087
4.2347915
6.4442014
03268 15758234
0.0605  2.392087
0.0191* 91406374
0.0265*  4,199001
01440 27063824
0.0494* 5.7356936
0.7400 26069379
01742 259182495
04777 57356836
0.82583 26069379
0.09145 34419562

4 tests
removed;
Oill
included

0.548367
0.514152
5652958
4715278

12

Prob = F

«< 0001*

Prob: [t] VIF
= 0001* .
00571 11913192
<,0001* 10625337
<,0001* 10736467
0.8584 1.0837142
<.0001* 131913192

L

SUCCESS
TOGETHER

4 tests
removed;
Cam
included

0.563126
0.499709
5.736364
4715278

12

Prob = F

< 0001*

Prob> |t] VIF

< 0001*

<,0001* 1.736
0.0006* 1.7850432
01284 23316207
0.0650 55515079
0.8875 23316207
0.2266 26725404
0.5506 55515079
0.6723 23316207
L‘CI.1384 1.7333715



ACSWorig

. SUCCESS
Models with Camshatft Batc TOGETHER
All data; All data; All data; 4 tests 4 tests 4 tests
Oil & Cam Oil Cam removed, removed; removed;
included included included Oil & Cam Qil Cam
included included included
Least Least Least Least
Lewvel S5q Mean Level SqMean Level Sq Mean ;\{e; . fgq?zlaialrl\
831-2 A 56.745141 = :
] ig'clljﬂ i ;3;?2:;; 8311 A B 50399515 ?’?:::11;8 i ;é;?;i‘:} el O s
. PC10B C 43.094815 c PC10B C 43.507143
OII 831-1 A 491765284 883310 . B E g :;-s;ii 831-1 A 49397266 | 821 BCD 41266667
831 A 47.038051 ) ' 830-2 A 48443932 | 830-2 C D 39766667
PC10E 0 34308437
830-2 A 46.815290 831 A 4764893 | PCIOE D 34583333
PCI10E A 41312284 PCI10E A 43.2600599
Least Least
Level Sq Mean Least Level 5g Mean Least
1] A DB.3BTIET Level SqMean 1] A 58209875 Eﬂel iE 55;3::];;3
D ABC 59800000 = A 53.200875 :
F A 52438851 - 0 =i K A 53.816667
G A 51.845994 f oap  sazomer | O A 52509875 F AB 53800000
Camshaft J A 50.894601 Kk AB saaorse | E A 48759815 G ABC 53100000
E &0 49123041 G A B C 53100000 K A 49108959 J A 52.305000
Batches H A 47502117 E' i g E jgiﬁgﬁ J A 49038446 E AB 50350000
K A 46840448 C  ABC 4530262 H A 48184815 HoABC 48775000
C A 43859111 B BC 4206713 | € A 44494875 s BC aames
A c 312274 | B A 42424875 '
B A 42094319 A C 38750000
A & 39874763 A A 40129875
Estimated
mean (3.9782) (4.03857) (3.9782)
(transformed units) Estimated means differ from curremt oil target in all models Lubrizol
26 _ N Current§31 Targ%t mean = .42.§ :
©2015 The Lubrizol Corporation, all rights reserved. Levels not connected by same Yetter are significantly different. p—



ACSWorig

Non-Model based comparison

Original Target vs. Latest 6 Tests

100
gﬂ -
80—
[y
g 70—
= 60~ 0
50 = -1
b
30 6 testson new ' -~
Original 14
hardware .
Comparison Levels
| Means and Std Deviations
Level Mumber Mean 5td Dev
6 tests on new hardware 6 538167 739552
Original 14 14 424857 498796

Means significantly differ;

No significant difference in variances

27 © 2015 The Lubrizol Corporation, all rights reserved.

Original Target vs. 831-2 Tests

100
L]
a0
80— -
SEI
EE 70
< 60
50
40—
30 I —*
831-2 Original 14
Comparison Levels
Means and Std Deviations
Level Mumber Mean S5td Dev
831-2 22 577182 11.8093
Original 14 14 424857 49880

Means significantly differ;
Variances significantly differ

SUCCESS
TOGETHER

Original Target vs. 831-2 Tests;
3 tests excluded

ACSWoarig

50—

40

30

-
831-2 ' Original 14

Comparison Levels

Means and 5td Deviations

Lewvel Number Mean 5td Dev
831-2 19 537684 572820
Original 14 14 424857 498796

Means significantly differ;

No significant difference in variances

Lubrizol
T e



Summary ]

ATWL s

No significant difference between the original oil targets and new hardware estimates

Model Terms
Estimated
Mew Hardware Estimated
Mumber of Tests Lab/stand Ol Tappet Batch [Camshaft Batch Mean otandard Deviation
76; all data X Blends included X 878 16.72
76; all data X Blends combined X 88.7 17.64
73; Lab F removed X Blends included X 875 165
73; Lab F removed X Blends combined X &87.8 17.4
76 all data X Blends included X a7 4 133
76; all data X Blends combined X 86.5 13.25
73 Lab F removed X Blends included X 854 13.21
73; Lab F removed X Blends combined X 85.3 13.16
20 MNew hardware vs. 14 tests used to calculate current oil targets 84 1 1257

Current Oil Target Mean = 97.2;
Current Oil Target Standard Deviation = 14.8

Lubrizol
T e

28 © 2015 The Lubrizol Corporation, all rights reserved.



Summary ]

ACSW ST

There is a significant difference between the original oil target and
new hardware estimated means

Model Terms
Estimated
New
Estimated | Hardware
MNew Meanin |Estimated
Hardware | Natural | Standard
Number of Tests | Lab/stand Qil Tappet Batch | Camshaft Batch| Transformation | Mean Units Deviation
76; all data Blends included X Natural Log 39782 534 0.15295
76; all data Blends combined X Natural Log 3.9782 534 0.15521
72 Blends included X Mone 53.8 53.8 5.39
72 Blends combined X Mone 53.8 53.8 0.44
76; all data Blends included X Natural Log 3.9782 534 0.15882 831-2
76; all data Blends included Natural Log 403857 56.7 0.15668 }
76, all data X NaturalLog | 39782 | 534 | 0.16149 estimated
72 Blends included X Mone 538 538 9.58 means since
72 Blends included Mone 53.8 53.8 5.65 only Qil is in
72 X MNane 53.8 53.8 274 the model
20 New hardware vs. 14 tests used to calculate current oil targets None 538 538 74
Estimated Eség‘f;_m
Number of Tests Comparison 831-2
Mean Star_ﬂa_ard
Deviation
14 tests used to calculate current oil targets
36 Vs 577 118
831-2 Tests
14 tests used to calculate current oil targets
33 Vs, 538 57
831-2 Tests; 3 Tests Removed
Current Oil Target Mean = 42.5; L ubrizol
29 © 2015 The Lubrizol Corporation, all rights reserved. Curre nt Oll Targ et Standard DeV|at|On - 5 . 0 r__-_'“-



ACSW

SUCCESS

Correction Factor Options

Option 1: Assume test precision has NOT changed
Use estimates based on model with camshaft batch
Four tests excluded

TOGETHER

Model Terms

Estimated

New

Estimated | Hardware
New Mean in |Estimated
Hardware | Natural | Standard
Number of Tests | Lab/stand Qil Tappet Batch | Camshaft Batch| Transformation | Mean Units Deviation
[72 | | | | X | None | 538 | 538 | 574 |

Current Oil Target Mean = 42.5
CF. ACSWorig — 11.3 (where 11.3 = 53.8 — 42.5)
Oil Targets for LTMS remain unchanged:
Standard Deviation: 5.0
Mean: 42.5

Lubrizol
T e

30
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ACSW |

Correction Factor Options FISSES,

Option 2: Assume test precision has changed and will continue to be different
Use estimates based on model with camshaft batch
All data included

Model Terms
Estimated
MNew

Estimated | Hardware
New Mean in |Estimated
Hardware | Natural | Standard
Number of Tests | Lab/stand Qil Tappet Batch | Camshaft Batch| Transformation |  Mean Units Deviation
76; all data | . X | Nafurallog | 39782 | 534 | 016149 |

Current Oil Target Mean = 42.5 (3.7423 in In units)
CF: In(ACSWorig) — 0.2359
Modify Oil Targets for LTMS (natural log units):
Standard Deviation: 0.16149
Mean: 3.7423

Lubrizol
T e

31 © 2015 The Lubrizol Corporation, all rights reserved.



ACSW
Correction Factor Options

Option 3: Assume change is related to oil batch change and NOT hardware
Use estimates based on model with Oil Blends
All data included

SUCCESS
TOGETHER

Estimated
Qil
Estimated| Meanin |Estimated
Qil MNatural | Standard
Number of Tests | Lab/stand Qil Tappet Batch | Camshaft Batch | Transformation | Mean Units Deviation
|76 all data | | Blends included | | MNaturalLog | 4.03857 | 567 | 0.15668
Current Oil Target Mean = 42.5
Modify Oil Targets for LTMS (natural log units):
Standard Deviation: 0.15668
Mean: 4.03857
Estimated Estimated
We COUId also use Number of Tests Comparison gl;?;i_ig S?a?;li_jrd
non-model based Mean | peviation
. 14 tests used to calculate current oil targets
estimates 36 Vs, 57.7 11.8
831-2 Tests
. Lubrizol
© 2015 The Lubrizol Corporation, all rights reserved. ’__—_"-—
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© 2015 The Lubrizol Corporation, all rights reserved.

Working together, achieving great things

When your company and ours combine energies, great things can happen.

You bring ideas, challenges and opportunities. We’'ll bring powerful additive and
market expertise, unmatched testing capabilities, integrated global supply and
an independent approach to help you differentiate and succeed.

Lubrizol
T e



SUCCESS
TOGETHER

APPENDIX A

Relationship between Fuel Batches, Engines, Tappet Batches,
Camshaft Batches, and Oils

Lubrizol
Lty



Fuel Batch by Engine

As expected:

1. Each engine is
associated with a
single lab

Each Fuel Batch
Is used in a
subset of the
engines

Many Fuel
Batches are only
used in a subset
of the labs

It is not possible
with these data to
simultaneously
estimate both
Engine & Fuel Batch

differences
35

© 2015 The Lubrizol Corporation, all rights reserved.

EMGINE

60271923
57339279
57339278
57339276
57339275
57339274
57339273
57339271
57330269
57337311
57281181
57281180
57281179
57281178
572811717
57281176
57216597
49342610
49342601
46615107
46612618
465362872
46562869
46562862
46562838
465362849
465361192
46561190
46561178
46561170
46561166
46561116
46360896
46560802
46560643
46560633
46360027
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Fuel Batch

Simultaneous estimation of Fuel Batch and
Lab is difficult due to limited Lab F data
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Tappet Batch by Fuel Batch

SUCCESS
TOGETHER
D *e
* 1
It is not possible
with these data to .\
1 E ..'l':q -i""
simultaneously .
estimate Fuel Batch E
L]
& Tappet Batch &
. -
differences
B e ® 8 @ L] - =
L ]
- L ] -
A!‘ :"lll:.. ..-- .
B EEEBBFIYI<EEEESOEEESTECESSEETEEESEEISER
Fuel Batch
Lubrizol
36 © 2015 The Lubrizol Corporation, all rights reserved. f —



Camshaft Batch by Fuel Batch _
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K . *3
J ‘l" * P oagne g
H q"

It is not possible
with these data to - .
simultaneously

estimate Fuel Batch % - coe
& Camshaft Batch £ E . )
differences . s

D L]

3 . L L . ® g @ .

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
ccccccccccccccccccccccccccccccccccccccccc

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

Fuel Batch

Lubrizol
T e
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c
=
©
m
[3
-
LL
>
o
|
>
<
o
=
V)
O
<

IND

« 830-2
« 8311
= 831-2
« PC10B

PCI0E
« 831

TosT
LOART
Z0rkT
ZOHKT
TOHKT
LOSrT
Z00FT
LoarT
LOHET
TO3ET
TOHET
T03ET
LOgiT
£0rTT
2Ot
LAOT
20007
Lot
TOHG0
207180
138
0138
038
Loa
200
LoHL
q03s
IJIEFS
rogd
A
o9
b
FOH9
Z0H9
E0HS
2005
2095
(IR
£045
2045
ro3s

50—
50

Differences in Oils
and their blends

Buopsoy

may be influenced

by differences in
Fuel Batches

180

T
B

T
=
-t
—

T T
] 2
— —

BuopLy

Fuel Batch

Lubrizol
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5
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C
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>
O
L
O
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®
m
©
Q.
&
TII

—ELGTLENY
OLEREELS
FBLEREELS
FOLEREELS
FSLEREELS
FLEGEELS
FELEREELS
FTLEREELS
FBOEREELS
FTTELEELS
—LETT8ELS
—O8TT8ELS
—BLTTRELS
~BLTTRELS
SLITTRELS
FOLTTRELS
—LESITELS
~OT9CERt
—L09ZkERk
—LOTST99
—ETaCTa9y
~CLBE959Y
—B982959k
—E98L959k
—858L959F
~Gb 895y
—CATTO59Y
~ORTTO59k
—ELTT959k
—0LTT959k
—O9TT959k
—OTTT959k
9680959
~CHB0959F
—ER0959y
—EEO0959F
—LE00959k

yzjeq jadde]

estimate Engine &

It is not possible
with these data to
Tappet Batch
differences

simultaneously

ENGINE

Lubrizol
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—9680959k
—L680959k
—EF90959k
L] L —EE90959K

. [ ] —LT00959F
— T (G} [ L (] | o =L

Y23eg Heyses
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=
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-
LLI
>
O
i
O
i
g8}
m
=
M
i
7))
=
qv]
O

estimate Engine &
Camshalft Batch

It is not possible
with these data to
differences

simultaneously

Lubrizol

EMNGIME
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Q
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IND

830-2
8311

831-2

PC10B

PC10E
« 831

ELGTLEZ09
BLEREELS
BLEREELS
QLEGEELS
SLEGEELS
FLEBEELS
ELEGEELS
LLEGEELS
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Differences in Oils
and their blends

30

may be influenced
by differences in

Engines

20
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Camshaft Batch by Tappet Batch _
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‘ »
: )
It is not possible " o
with these data to . .
simultaneously
estimate Tappet & - .
Camshaft Batch £
differences 5 € o
: L
C * -
Z we
A -
A B C 5

Tappet Batch

Lubrizol
Lty
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APPENDIX B
LTMS Detalls
&
Hardware History

Lubrizol
A O
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Current State of LTMS for I1SB

LTMS file contains test results from 20041115 to 20150315

Severity adjustments are not currently applicable
1. These would affect candidate results only

Values used in ISB LTMS calculations

LUBRICANT TEST MONITORING SYSTEM CONSTANTS

EWMA Chart Shewhart Chart
LAMBDA K K
Chart Level | Limit Type | Precision | Severity | Precision | Severity | Precision | Severity
Stand Action 0.3 0.3 2.10 2.36 2.10 1.96

Industry Warl.ling 0.2 0.2 2.10 2.36 - --
Action 0.2 0.2 2.80 3.00 = --

Lubrizol

44 ©2015 The Lubrizol Corporation, all rights reserved. P ————




Current State of LTMS for I1SB .

SUCCESS
TOGETHER

Correction factors are currently in place for:
Average Tappet Weight Loss (ATWL)
Average Camshaft Wear (ACSW)

All tests using  [Multiply ATWL by 0.637;
batch B tappets |Add -9.5 to ACSW

with batch E, F,

and G cams

All tests using  [Multiply ATWL by 0.637;
ISB December 11,2011 |November 12, 2012| batch C Tappets [Add -9.5 to ACSW

with batch H cams

All tests using  [Multiply ATWL by 0.711;
batch C tappets |Add -5.6 to ACSW

with batch H and J
cams

ISB April 21, 2011 ok

ISB November 13, 2012 ok

History of Reference Qil Targets (831-2 is new batch introduced in 2013)

ISB Reference Oil Targets
Effective Dates Average Camshaft Wear Average Tappet Weight Loss
0il n From To' X s X s

821 (PCIO0E) | 6 6-4-05 12-31-05 34.6 4.6 56.2 9.6
830-2 6 6-4-05 12-31-05 39.8 9.0 85.9 16.0
831 (PCIOB) | 6 6-4-05 1-24-07 41.9 5.6 88.7 15.9
10 | 1-25-07 8-6-07 428 5.4 94.9 15.3

14 8-7-07 HE 42.5 5.0 97.2 14.8

831-12 -- 8-7-07 Hokx 42.5 5.0 97.2 14.8
831-2° - 8-6-13 Hokok 42.5 5.0 97.2 14.8

—

**% = currently in effect

2 Targetsbasedonoil 831 831-1 and 831-2 currently based on 831 targets ;hprizol
P

45 © 2015 The Lubrizol Corporation, all rights reserved.



Average Camshaft Wear ]

ACSWzi EWMA Control Chart e

CUMMINS ISB INDUSTRY OPERATIONALLY VALID DATA

A PG B ASTH Imsmalanal
AVERAGE CAMSHAFT WEAR
LTS Sty A
EWNA 0
Iy ¢ & 8 % I oot O o sear ¢
Z z z z z Zz z z z z
3 ER EE S i g 1 g
-3 o o o o oo 0 a o o
=
= EWHA Aefion Lt
p S ——————— S—— I I — —
= EWHA Harmng it
= 0
: 1 | M Namglinil
-E WA Acton Lk
= N
- . 12/9/2013
4_
[ [ | | | | | [ [ | | TTTTTT TTTTTTTTTTT [ | | [ |
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Cummins ISB Critical Engine Parts Batch Changes

ISB Camshaft Batch | Starting Kit # Date
A 1 Jun-2004
B 135 Feb-2006
c 244 Aug-2007
D 290 Jul-2008
E 337 Apr-2009
F 389 Mar-2010
G 441 Mar-2011
H 486 Nov-2011
J 569 Aug-2012
K 821 Jan-2015
ISB Tappet Batch | Starting Kit # Date
A 1 Jun-2004
B 279 Jan-2008
c 475 Aug-2011
D 821 Jan-2015
ISB Crosshead Batch | Starting Kit # Date
A 1 Jun-2004
B 279 Jan-2008
c 475 Aug-2011
D 569 Aug-2012

SUCCESS
TOGETHER

Lubrizol
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Hardware .

SUCCESS
TOGETHER

Pushrod Batches

New pushrods estimated to start with Kit# 556
* 5000 were obtained on June 22, 2012
* We cannot guarantee these 5000 came from the same batch

Prior to new pushrod “batch”, pushrods came in small quantities from different
batches

Lubrizol
T e
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APPENDIX C
Average Camshaft Wear Graphs
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Average Camshaft Wear

By OIL and LAB
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Average Camshaft Wear ]

By Camshalft Batch SRS
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ACSW no CF for new hardware

ACSW CF for newe hardware

Average Camshaft Wear

By Tappet Batch Success
TOGETHER
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Average Camshaft Wear
By Crosshead Batch
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Average Camshaft Wear ]

By Pushrod “Batch” FSSERS

. . . bosor-isse ushrod Batc
® QOriginal Units rreateen
g0 I Joroa-1se | 1 e “batch"
85233158 95826158 TR

70—
o 03990-I5Be
g - e - | 1059?2:55’:
D y v ooe e e R

et . * . . .

40- k".. o e . |

30 ? |

.. Historical CFs Applied; B
:» NO CF for new hardware st S
% 60 . I03990-ISEI-_
E 50 . o . . -I ‘.:.:
“;' ® e ™ -.. . ° . i ° o® - - . LI
: 0| ¥ . . ot ) > % | Number of
g a1 I Pushrod Batch| IND | tests |Mean(ACSWorig)

x T N AN 7

. . - 1. - new "batc| - i

_» Historical CFs Applied; I prior “baich” | 8311 17 498
i » Current CF used for new hardware sszzsissel s | Drior ‘baich’ | PC10B| 14 435
E oo . losososse o | L PriOr"batch” | 831 3 413
E . . 4 831 Target mean = 42.5
E 7 as - [ ] - 8 . I ‘. * -
g 40 .\':. s "ac°, . . i. A ' _ 5. : : e Vau
<3 ? |

2 B & b = = B B = L & & =L L & & & o J! L &

S 5 5 5 5 5 £ 5 5 5 5 E:E 5 E G

Lubrizol
PE————_

55 © 2015 The Lubrizol Corporation, all rights reserved.



SUCCESS
TOGETHER

APPENDIX D
Average Tappet Weight Loss Graphs
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Average Tappet Weight Loss (ATWLoriQ): ]

By Oil and Lab SRS
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Average Tappet Weight Loss (ATWLoriQ): ]

By Camshalft Batch SRS
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Average Tappet Weight Loss (ATWLoriQ): ]

By Tappet Batch FSSES,
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Average Tappet Weight Loss (ATWLoriQ): ]

By Crosshead Batch SRS
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ATWL no CF for new hardware ATWLorig

ATWL CF for new hardware

Average Tappet Weight Loss (ATWLoriQ):
By Pushrod Batch
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Pushrod Batch

+ new "batch”

SUCCESS
TOGETHER

+ prior "batch”
Number of
Pushrod Batch| IND tests | Mean(ATWLorig )
new "batch” | 8311 8 121.2
new "batch” | 831-2 22 96.4
prior "batch" | 831-1 17 138.4
prior "batch" | PC10B 14 93.1
prior "batch" | 831 3 105.9

831 Target mean = 97.2
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